The Artjärvi and Sääskjärvi granite stocks at the western margin of the Wiborg rapakivi batholith are multiphase rapakivi granite intrusions in which the most evolved phase is topaz-bearing granite. The Artjärvi stock is composed of porphyritic and even-grained biotite granite and even-grained topaz granite, and the Sääskjärvi stock comprises even-grained biotite granite and porphyritic topaz granite. The granites are metaluminous to peraluminous A-type granites, showing within-plate (WPG) geochemical characteristics. The topaz granites from the Artjärvi and Sääskjärvi stocks are petrographically and geochemically similar to other topaz-bearing rapakivi granites in Finland. The anomalous geochemistry of the topaz granite is essentially magmatic; postmagmatic reactions have only slightly modified its composition. Greisen veins, some of which are mineralized, are widely found associated with the Artjärvi and Sääskjärvi stocks.
Fig. 1. Map showing the localities of the topaz-bearing granite stocks in the Wiborg rapakivi granite batholith and its satellites, and lithologic maps from a) the Artjärvi granite stock and b) the Sääskjärvi granite stock.

INTRODUCTION
Topaz-bearing granites are known as potential hosts for tin and tungsten mineralization. Several important Sn polymetallic deposits in Brazil and Russian Karelia, and Fe-Cu and Cu-U-Au-Ag deposits in Missouri and South Australia are known to be associated with geochemically specialized topaz-bearing granites genetically related to rapakivi granites (Haapala 1995) . In Finland, topazbearing late-stage members of the rapakivi granite association have been described from the Eurajoki stock (Haapala 1977a (Haapala , 1997 , Kymi stock (Haapala & Ojanperä 1972 , Haapala 1988 , Suomenniemi batholith (Rämö 1991) , and Ahvenisto complex (Edén 1991) . This paper describes mode of occurrence, petrography, chemistry, and (Le Maitre et al. 1989) Elliott (1999 and references therein) . The area-counting method was used for coarse-grained and porphyritic samples 17F, 21B, 55A, 59 and 103 (Table 1) .
Fig. 2. Representative modal compositions of granites from the Artjärvi and Sääskjärvi granite stocks plotted in the IUGS modal classification diagram
. Modal compositions are based on point-counting analyses (1500 points from each sample) and manual area-counting analyses from cut and stained samples (area of 40 by 40 mm). The staining method is described by
contact phenomena of the Artjärvi and Sääskjärvi topaz granite stocks from the Wiborg batholith, compares their geochemistry with other topaz granite stocks in Finland, and discusses the greisen-type mineralization associated with these topaz granites.
GEOLOGICAL SETTING
The 1.64 Ga Wiborg rapakivi batholith of SE Finland is one of four large rapakivi batholiths in Finland. It consists of several different granite varieties ranging from subsolvus hornblende granites to leucocratic topaz-bearing microcline-albite granites, and small bodies of contemporaneous mafic rocks (Rämö & Haapala 1995) . The latest intrusive phases in the batholith are topaz-bearing granites, which represent the most evolved melt fractions of rapakivi systems. The topaz granites occur as small stocks intruding the earlier rapakivi granites. The known topaz granite stocks within the Wiborg rapakivi granite area are shown in Fig.  1 . The Artjärvi and Sääskjärvi granite stocks crop out at the western margin of the Wiborg batholith.
GEOLOGY AND PETROGRAPHY
Artjärvi granite stock
The Artjärvi granite stock is an ellipsoidal pluton (4 by 16 km) located 80 km northeast of Helsinki. It contains three main phases: porphyritic biotite granite, even-grained biotite granite, and even-grained topaz granite (Fig. 1a) . The evengrained biotite granite composes the main part of the stock,encloses smaller masses of porphyritic biotite granite and is cut by topaz granite. The porphyritic biotite granite and topaz granite phases have at their upper contacts marginal stockscheiders defined by biotite-rich and pegmatitic layers parallel to the contact. In terms of modal composition most of the samples are syenogranites; only two porphyritic biotite granite samples plot in the monzogranite field (Fig. 2) .
Porphyritic biotite granite
The porphyritic biotite granite consists of euhedral to subhedral alkali feldspar and plagioclase megacrysts with fine-grained aplitic groundmass. Alkali feldspar megacrysts measure as much as 4 cm and plagioclase megacrysts as much as 2 cm in length. The size and abundance of the megacrysts vary from place to place. Alkali feldspar is typically strongly red-pigmented string perthite and is rarely mantled by plagioclase. The core of plagioclase is strongly altered to sericite and locally to muscovite, epidote, and calcite. The groundmass consists of euhedral, rounded crystals of early quartz ("drop" quartz), euhedral to subhedral plagioclase, subhedral alkali feldspar, and late interstitial quartz. In addition to biotite, accessory minerals include zircon, apatite, fluorite, and ilmenite. Biotite, apatite, zircon, and ilmenite commonly form clots which vary in size from 1 to 5 mm. These mafic clots may have formed when the early-crystallized phases clustered to minimize their surface energy (Wall et al. 1987) .
Adjacent to the contact against the earlier rapakivi granite wiborgite, the porphyritic biotite granite contains abundant miarolitic cavities, pegmatite pockets, and distinct aplitic groundmass having granophyric texture. These textural features are typically associated with high-level granitic intrusions and, in the case of miarolitic cavities, involve separation of a fluid phase. The finegrained aplitic nature can be related to loss of the fluid (undercooling). Miarolitic cavities vary from 0.5 to 2.0 cm in diameter and are usually filled by quartz, plagioclase, alkali feldspar, fluorite, as well as secondary epidote, chlorite, and kaolinite. Pegmatite pockets are irregular in shape and vary in size from a few centimeters to tens of centimeters. The pockets consist mainly of quartz and alkali feldspar megacrysts; plagioclase, biotite, fluorite, and secondary chlorite occur as common accessory minerals.
Even-grained biotite granite
The even-grained biotite granite has sharp contacts against its country rocks wiborgite and porphyritic biotite granite. The presence of porphyritic biotite granite inclusions within the even-grained biotite granite suggests earlier emplacement of the porphyritic phase. The even-grained biotite granite is homogeneous, fine-to medium-grained rock, composed of alkali feldspar, plagioclase and quartz. Biotite is the only mafic silicate. Quartz occurs mainly as euhedral drop quartz but late interstitial quartz is also present. Alkali feldspar and plagioclase grains range from 2 to 6 mm and drop quartz from 1 to 2 mm in diameter. Alkali feldspar occurs as subhedral to anhedral string perthite grains, which are locally mantled by plagioclase. The cores of plagioclase grains are strongly sericitized and locally altered to epidote. Accessory minerals include fluorite, zircon, apatite, anatase, and ilmenite.
Topaz-bearing granite
The topaz-bearing granite occurs as a small elongated intrusive body sharply cutting the evengrained biotite granite. It is a homogeneous, finegrained granite with average grain size from 0.5 to 2 mm. It is composed of subhedral to anhedral alkali feldspar, euhedral to subhedral plagioclase, and quartz. Alkali feldspar occurs as vein and coarse string perthite and is never mantled by plagioclase. Plagioclase is altered to sericite, muscovite, fluorite, and locally to topaz. Quartz occurs mainly as euhedral drop quartz but anhedral latecrystallized quartz is also present. In addition to biotite, accessory minerals include topaz, fluorite, zircon, apatite, monazite, molybdenite, uraninite, anatase, and ilmenite. Primary topaz occurs as small subhedral grains showing crystal faces against alkali feldspar, and as acicular inclusions in the late quartz.
Evidence of postmagmatic alteration can be found in the topaz-bearing and even-grained biotite granite phases. Postmagmatic reactions involve exsolution and minor recrystallization of alkali feldspar, producing intergranular albite rims between adjacent alkali feldspar grains and between alkali feldspar and plagioclase grains (see Haapala 1997) . Subsolidus alteration of biotite to chlorite, and of plagioclase to topaz, fluorite, and muscovite indicate that the postmagmatic fluids have caused chemical changes in the granite.
Stockscheider
Marginal layered pegmatite-bearing zones, stockscheiders, associated with the roof contacts of the topaz granite and porphyritic biotite granite, are found in two road cuts, labelled Hiitelä and Multasuo in Fig. 1a . At Hiitelä the contact between the topaz granite and even-grained biotite granite is marked by a 3 m wide marginal stockscheider. The stockscheider consists essentially of finegrained topaz granite with numerous ≤ 15 cm thick pegmatite layers parallel to the contact (Fig. 3a) . Furthermore, the upper part of the stockscheider, close to the contact, is characterized by parallel fine-scale layering showing a sharp but undulate contact against the overlaying even-grained biotite granite (Fig. 3b) . In places the fine-scale layering is distorted by fragments of early-crystallized marginal granite (Fig. 3c) .
In detail, the dark layers show grading in the proportions of mafic silicates. Generally the layers have sharp bases and transitional upper parts, but in the uppermost layer the amount of the mafic minerals decreases downwards from the upper contact. The dark layers are enriched in biotite, plagioclase, zircon, and apatite compared to the host topaz granite. Biotite occurs as spheres (2-4 mm in diameter) surrounding aggregates of quartz and alkali feldspar grains ( Fig. 3d ) and as crystals aligned parallel to the layering. Euhedral plagioclase crystals occur as accumulations in the dark layers, with interstitial quartz and alkali feldspar.
The pegmatite layers cut the fine-scale layering as well as the topaz granite, and locally they bifurcate. They are homogeneous with no internal layering, but in a few layers fan-shaped alkali feldspar crystals show directional growing away from the upper contact (Fig. 3e) . Besides alkali feldspar, the pegmatite layers contain quartz, plagioclase, and biotite as the main minerals, and topaz, zircon, fluorite, ilmenite, and apatite as accessory minerals. The pegmatite layers have graphic quartz -alkali feldspar and quartz -plagioclase intergrowths.
At Multasuo the contact between the porphyritic biotite granite and wiborgite is marked by a 1 m wide stockscheider. This stockscheider is texturally similar to the stockscheider at the apical contact of the topaz granite. It consists mainly of medium-and coarse-grained equigranular biotite granite and thin pegmatite layers and pockets. The even-grained granite contains a few irregular biotite-rich layers. As distinct from the Hiitelä stockscheider at the margin of topaz granite, the Multasuo stockscheider shows sharp contacts against both wiborgite and porphyritic biotite granite, and it contains rounded inclusions of porphyritic biotite granite. These observations indicate that the latter stockscheider was emplaced as a later, dike-like body along the contact between the two granites.
Sääskjärvi granite stock
The Sääskjärvi granite stock (6 by 2 km) crops out 20 km northeast of the Artjärvi granite stock at the margin of the Wiborg batholith and forms an outlier into the Svecofennian crust (Fig. 1b) . The stock consists mainly of medium-grained equigranular biotite granite, which encloses a rounded 0.5 km 2 body of porphyritic topaz granite. The even-grained biotite granite shows sharp contacts against both wiborgite and Svecofennian microcline granite but the contact against topaz granite is not exposed. Modal compositions of the biotite granite and topaz granite are syenogranites (Fig.  2 ).
Even-grained biotite granite
The even-grained biotite granite is homogeneous, medium-grained granite with average grain size from 1 to 3 mm. It is composed of alkali feldspar, plagioclase, and quartz. Minor constituents besides biotite include fluorite, zircon, ilmenite, anatase, and apatite. Alkali feldspar is subhedral to anhedral string perthite, rarely mantled by plagioclase. Plagioclase occurs as euhedral to subhedral grains, which are commonly strongly altered to (Haapala 1977 (Haapala , 1997 , Suomenniemi (Rämö 1991) , Ahvenisto (mean of 26 analyses) (Edén 1991) , Kymi (Haapala 1988) 
, and Kymi, Liljendal, Eurajoki and Suomenniemi topaz granites (unpublished data by the author).
sericite, muscovite and epidote. Intergranular albite rims are common between adjacent alkali feldspar grains and between alkali feldspar and plagioclase grains. Quartz occurs as euhedral drop quartz and interstitial anhedral quartz. Topaz is not found in this granite type.
Topaz-bearing granite
The topaz granite is slightly porphyritic with euhedral alkali feldspar megacrysts in a mediumgrained groundmass. Alkali feldspar megacrysts measure up to 1 cm in diameter and locally show weak orientation. The abundance and size of the megacrysts vary, and in places the granite is nearly equigranular. The groundmass is composed of alkali feldspar, plagioclase and quartz. Accessory minerals include topaz, fluorite, zircon, anatase, ilmenite, and apatite. Alkali feldspar occurs as subhedral and anhedral string perthite and is strongly pigmented (Fe-oxide?). Euhedral and subhedral plagioclase is partly altered to sericite, muscovite, topaz, and fluorite. Quartz occurs as euhedral drop quartz as well as interstitial late quartz. Topaz occurs as magmatic subhedral crystals having crystal faces against alkali feldspar and as an alteration product of plagioclase. Biotite occurs as the only mafic silicate and is partly chloritized.
Both granite phases from the Sääskjärvi stock have been modified by subsolidus reactions, including exsolution of alkali feldspar, recrystallization, and alteration of plagioclase and biotite.
Greisen
Greisen occurs as thin veins cutting the granites of the Artjärvi and Sääskjärvi stocks, as well as the surrounding older rapakivi granites. The width of the greisen veins ranges from 2 cm to more than 20 cm, and in some cases they form vein swarms (Fig. 4) . The orientation of the greisen veins varies from place to place and at a single outcrop several vein directions can be found. Greisen veins are mainly composed of quartz, muscovite, chlorite, fluorite, and topaz, and some mineralized veins contain sulfide minerals, cassiterite, and columbite. 
GEOCHEMISTRY Major and trace elements
The major and trace element compositions of the Artjärvi and Sääskjärvi granite stocks are given in Table 1 and shown in Figs. 5-7. For comparison, the composition range of topaz-bearing granites from other localities in Finland is shown as a dashed field in the diagrams.
The major element contents of the granites of the stocks show only restricted variation, because all the granites crystallized from highly evolved magmas. The porphyritic and even-grained biotite granites are metaluminous to weakly peraluminous, having A/CNK from 0.92 to 1.05, the topazbearing granites are peraluminous with A/CNK of 1.05 to 1.07, and all phases are subalkaline with NK/A of 0.78 to 0.90 (Table 1 and Fig. 5 ). Variation diagrams (Figs. 6 and 7a) show that the older porphyritic biotite granite has slightly higher concentration of FeO tot , CaO, TiO 2 and Zr, and lower content of SiO 2 and K 2 O than the even-grained biotite granite and topaz granite. The porphyritic biotite granite plots mainly outside the reference field whereas the topaz granites invariably plot within the same field as the other topaz granites of Finland. The main chemical characteristics of the topaz granites are their high concentrations of SiO 2 (>73.9 wt%), elevated contents of F (0.25-0.31 wt%), Li (62-85 ppm) and Rb (389-412 ppm), and low contents of MgO (<0.26 wt%), TiO 2 (<0.24 wt%), Ba (200-282 ppm), Sr (56-65 ppm) and Zr (162-177 ppm); these characteristics are typical for geochemically specialized tin granites (Tischendorf 1977 ). However, it should be noted that the granites of this study do not reach the very high levels of Sn, Rb, F, and Li recorded for the true tin granites.
The magmatic evolution of the granites of the Artjärvi and Sääskjärvi stocks is shown in Figs. 7a-7c. The Ti vs. Zr diagram shows a positive slope with decreasing contents from the porphyritic biotite granite through the even-grained biotite granite to the topaz granite (Fig. 7a) . The K/ Rb vs. Rb diagram shows increasing Rb content from the porphyritic biotite granite to topaz granite (Fig. 7b) . In the Rb-Ba-Sr diagram (Fig. 7c) , most of the samples plot in the strongly differentiated granite field; only two porphyritic biotite granite samples plot in the normal granite field. The RbBa-Sr differentiation trend shows Rb enrichment Boynton (1984) .
accompanied by Ba depletion from the porphyritic biotite granite to topaz-bearing granite. Two evengrained biotite granite samples from Artjärvi show the most evolved character in this diagram, which probably results from an increased Rb content of the samples owing to postmagmatic reactions. Average major and trace element compositions of the granite and pegmatite layers from the Artjärvi stockscheider are given in Table 2 . Granite and pegmatite layers are similar in composition. Pegmatite layers show slight enrichment in K 2 O and Rb and depletion in CaO, Fe 2 O 3 tot , TiO 2 , and P 2 O 5 compared with granite layers, probably because of the enrichment of alkali feldspar and depletion of mafic accessory minerals like biotite and apatite. Biotite-rich layers in the upper part of the stockscheider clearly differ from the granite and pegmatite layers. They are enriched in CaO, Fe 2 O 3 tot , TiO 2 , P 2 O 5 , Zr, Ba, La, Ce, and Nd, and slightly depleted in Na 2 O, K 2 O and SiO 2 , owing to the abundance of plagioclase, biotite, zircon, and apatite. Whole rock compositions show that the principal chemical differences among the granite, pegmatite, and biotite-rich layers are controlled by mineral proportions.
Rare earth elements
REE abundances in the Artjärvi and Sääskjärvi granites are shown in Table 3 and their chondrite- Boynton (1984) . .6 9.6 6.3 13.9 7.7 12.3 9.2 3.3 12.1 14.0 9.9 12.6 12.5 13.2 12.4 1.4 5.7 6.6 6.2 0.6 Ho 1.1 1.9 1.1 2.9 1.4 2.6 1.8 0.8 2.6 2.9 2.1 2.6 2.7 2.7 2.6 0.3 1.2 1.4 1.3 0.1 Er 3.2 6.5 3.6 7.6 4.9 7.2 5.5 1.9 7.7 8. (Rollinson 1993) , and the negative Eu anomaly is due to feldspar fractionation. Europium partitions strongly into both feldspars during crystallization and thus the (Eu/Eu*) N decreases as differentiation progresses (Miller & Mittlefehldt 1982) . Typically, Finnish topaz granites have relatively flat REE pattern with lower LREE and higher HREE content and a deeper Eu anomaly than normal rapakivi granites (Haapala 1988) , but the topaz granites from Artjärvi and Sääskjärvi are not as enriched in HREE and have REE patterns that are very similar to those of average rapakivi granites. In the tectonomagmatic discrimination diagrams Nb vs. Y and Rb vs. Y+Nb (Pearce et al. 1984) , most of the granites plot in the field of within-plate granites (WPG), but some of the samples (e.g. topaz granites) plot in the Rb vs. Y+Nb diagram in the syn-collisional granite field because of their high Rb content (Figs. 9a and 9b) . In Figs 10a-10c the granites of Artjärvi and Sääskjärvi are plotted on Ce vs. 10000*Ga/Al, Nb vs. 10000*Ga/ Al and (K 2 O+Na 2 O)/CaO vs. Zr+Nb+Ce+Y discrimination diagrams of Whalen et al. (1987) . All the samples plot exclusively in the A-type field because of their high Ga/Al (10000*Ga/Al = 3.6-5.2) and elevated Nb and Ce concentrations.
The samples were analyzed at X-Ray Assay Laboratories Ltd (Canada) by ICP-MS. Normalizing values after
DISCUSSION AND CONCLUSIONS
Petrology and geochemistry
Petrographic and geochemical studies show that the Artjärvi and Sääskjärvi granite stocks are evolved multiphase rapakivi granite intrusions for which the order of emplacement was 1) porphyritic biotite granite, 2) even-grained biotite granite, and 3) topaz-bearing granite. Major and trace element chemistry shows that the general chemical evolution trends proceed from porphyritic biotite granite through even-grained biotite granite to topaz granite at Artjärvi and from even-grained biotite granite to topaz granite at Sääskjärvi. The topaz granites are depleted in FeO tot , CaO, TiO 2 , Zr, and Ba, and enriched in SiO 2 and Rb compared to the older porphyritic and even-grained biotite granites. All of the granites are A-type granites with a metaluminous to peraluminous composition, and show within plate (WPG) geochemical characteristics.
The topaz granites from Artjärvi and Sääskjärvi show petrographic and geochemical features similar to those of other topaz-bearing granites in Finland (Haapala 1977a , Rämö 1991 , Edén 1991 . Recent petrographic and melt inclusion studies from the Eurajoki topaz granite verify an essentially magmatic origin of the anomalous geochemistry; the postmagmatic reactions have only slightly modified the composition of the granite (Haapala 1997 , Haapala & Thomas 2000 . Similar conclusions can be made about the geochemically anomalous topaz granites from the Artjärvi and Sääskjärvi stocks. Topaz as a magmatic accessory mineral indicates that the topaz granites from Artjärvi and Sääskjärvi have crystallized from F-rich melt (Lukkari & Holtz 2000) . The anomalous geochemical character of the granites has been further increased by postmagmatic fluid-rock reactions, including recrystallization and alteration of plagioclase to topaz, sericite and muscovite (see Haapala 1977a) .
The fluid phase escaping from topaz granite, possibly mixed with heated meteoric water, has formed greisen veins in the granite and surrounding older rapakivi granites. Several of the greisen vein systems and greisen zones found in Finland in association with topaz granites are tin-mineralized, but all are subeconomic (Haapala & Ojanperä 1972 , Haapala 1977a , 1977b , Edén 1991 . Similarly, at Artjärvi and Sääskjärvi some of the greisen veins are mineralized with sulfide minerals, cassiterite, and columbite.
Stockscheider
The most characteristic feature of the Artjärvi granite stock is the marginal stockscheider at the roof contact of the topaz granite. The stockscheider has fine-scale layers consisting of alternating biotite-rich and biotite-poor layers, and several pegmatite layers parallel to the contact. Gravitational crystal settling (Kleck 1996) , and oscillatory nucleation controlled by either diffusion (Webber et al. 1997) , volatile-enriched boundary layers (Morgan & London 1999) or volatile components (H 2 O, B) (Rockhold et. al. 1987) have been proposed as possible mechanisms for the fine-scale rhythmic layering in layered pegmatiteaplite dikes. However, at Artjärvi the occurrence of oriented biotite crystals within the biotite-rich layers suggests that they are schlieren layers accumulated during magmatic flow rather than by crystallization in situ.
Several different mechanisms have been proposed for schlieren layering, including gravitational sorting, shear-flow sorting associated with melt escaping from a flowing crystal-rich magma (Weinberg et. al 2001) , and velocity-gradient flow sorting (Tobish et. al 1997) . At Artjärvi the uppermost schlieren layers show grading in the proportion of mafic minerals. The amount of the mafic minerals decreases downwards from the upper contact, so that gravitational crystal settling is the least probable mechanism for formation of schlieren layers. Weinberg et al. (2001) describe the origin of marginal schlieren by the combined effects of shear flow to concentrate crystals and the displacement of interstitial melt. At Artjärvi, the surrounding even-grained biotite granite shows no evidence for extraction of interstitial melt from the topaz granite mush. Therefore, the schlieren layers at Artjärvi are unlikely to have formed by this mechanism. Instead, the velocity-gradient flow sorting mechanism described by Tobish et al. (1997) may explain the schlieren layering at Artjärvi. Narrowing of a magma chamber produces an increase in flow velocity, which may cause mafic cumulates to accumulate underneath the overhang and along the walls. Most of the accumulation occurs with upward vertical flow, but accumulation also occurs under horizontal flow conditions (Tobish et al. 1997) . At Artjärvi this mechanism may have accumulated the mafic minerals along the upper contact of the topaz granite forming the schlieren layering. The presence of biotite crystals oriented parallel to the schlieren layers indicates accumulation during subhorizontal flow along the hanging wall contact.
Layered pegmatite-aplite dikes have been described as being produced 1) by a single injection of magma, in which the compositional and textural zoning results from internal igneous processes (e.g. Burnham & Nekvasil 1986 , Webber et al. 1997 , Morgan & London 1999 , 2) by multiple injections, in which each pulse segregates into a granite-pegmatite couplet (Rockhold et al. 1987) , or 3) by injections of residual melt into not fully crystallized granite (Lynch & Pride 1984 , Breiter et al. 1997 . At Artjärvi there is no evidence of periodic removal of fluxing components (e.g. B, F) that could have caused periodic crystallization of granitic and pegmatitic layers, nor is there any indication that the granite-pegmatite pairs represent separate, roughly coeval magma injections. It is suggested here that cooling and contraction after crystallization of the roof zone formed fractures parallel to the roof contact of the topaz granite cupola, and residual pegmatite magmas was injected into the fractures (Fig. 11) . This interpretation is supported by the observation that the pegmatite layers show sharp contacts against the topaz granite and cut both topaz granite and schlieren layering (Fig. 3b) . The whole rock chemical analyses show no vertical changes in composition of the granite and pegmatite layers in the stockscheider. The subhorizontal pegmatite layers indicate shallow depth emplacement into brittle country rock (Brisbin 1986 ).
Textures such as graphic intergrowths between quartz and feldspars, aplitic groundmass, and fan-shaped alkali feldspar crystals associated with the Artjärvi porphyritic biotite granite and pegmatite were probably generated by various degrees of undercooling. The miarolitic cavities found in the porphyritic biotite granite and topaz granite, however, indicate crystallization during volatile-saturated conditions (Haapala 1977a , Candela 1997 
